Objectives To compare three doses of oral misoprostol 50µg four hourly versus an intra-cervical Foley catheter for 24 hours, for pre-induction cervical ripening.
Introduction
Induction of labour (IOL) should be considered at 41 weeks gestation, especially in South Asia [1] [2] [3] . For IOL, artificial rupture of the membranes (amniotomy) and intravenous oxytocin infusion is being rapidly replaced worldwide by vaginal and oral prostaglandins, and oral misoprostol is likely to become the leading method for IOL in the future. Unfortunately, misoprostol was not registered for use in Sri Lanka until late 2015, due to concerns that its use could be abused by using it for abortions. Even currently the use of oral misoprostol for preinduction cervical ripening or IOL is not recommended as a routine practice. However, research on the use of oral misoprostol for pre induction cervical ripening has been carried out in Sri Lanka earlier, and further research on feasibility, generalizability, and the use of different doses and regimens of oral and vaginal misoprostol for pre-induction ripening of cervix and IOL for a live viable fetus at term, has been strongly recommended by the Director General of Health Services, Sri Lanka [4, 5] .
The insertion of an intra-cervical Foley catheter is a frequently used procedure for pre induction cervical ripening and IOL [6] [7] [8] [9] [10] [11] . Although this procedure may be associated with accidental rupture of membranes and infections, these risks do not appear to be significantly different from the risks of vaginal prostaglandins [8, 10] . In most obstetric units in Sri Lanka the catheter is often removed after 24 hours, and an intravenous oxytocin infusion commenced, following amniotomy. However keeping the intra cervical Foley catheter up to three to four days has been shown to be safe and effective for IOL [7, 11] . Vaginal prostaglandins are expensive and well known to cause uterine hyperstimulation which can lead to fetal compromise and even uterine rupture. These serious adverse effects are less with oral misoprostol [2, [10] [11] [12] [13] [14] [15] [16] . The use of varying doses of oral misoprostol DOI: http://doi.org/10.4038/cmj.v62i2.8470
Paper ranging from 20-200 µg, at varying frequencies of 1-6 hours and the administration of up to 12 doses of 50 µg over four days, have been reported [10] [11] [12] [13] [14] [15] . However the optimum dose, frequency and duration of oral misoprostol are still being debated. It would be difficult to implement hourly, two hourly or three hourly regimens, especially in a busy obstetric unit. A previous randomized control trial (RCT) carried out at the University Unit of the Teaching Hospital Mahamodara Galle (THMG) showed that the administration of two doses of 25µg oral misoprostol four hours apart was feasible but the regimen was not as good as the insertion of an intra-cervical Foley catheter for 24 hours, for preinduction cervical ripening at term [4] .
Insertion of an intra cervical catheter for 24 hours is a standard method frequently used for cervical ripening and IOL nationally as well as internationally. The commonest dose of oral misoprostol reported in the literature is 50 µg. It was decided to compare this standard method with three doses of oral misoprostol 50 µg administered four hourly, for cervical ripening in women with singleton uncomplicated pregnancies at 40 weeks +6 days of gestation having MBS 5, which would indicate that the cervix was unfavourabe for IOL [17] . As ripening of the cervix and the establishment of labour are not mutually exclusive, separate entities but a continuum of processes, it was appreciated that onset of labour too could occur during the interventions, and if this occurred, the interventions would have exceeded expectations and have functioned as agents for IOL and not simply as agents for ripening of the cervix.
Methods
A single blinded randomized controlled trial (RCT) was carried out in the University Unit of the THMG from 1st September 2014 to 28th April 2015. In the previous RCT carried out in women at 40 weeks + 6 days gestation, the proportions becoming favourable for IOL were 51.4% following two doses of oral misoprostol 25 µg given four hours apart and 71.4% for insertion of intracervical Foley catheter for 24 hours. The objective of this study was to achieve 20% greater proportion becoming favourable for IOL with three doses of oral misoprostol 50µg given four hourly, compared to insertion of an intra-cervical Foley catheter for 24 hours. The minimum sample size needed to detect this increase, (power of 80% and a confidence interval of 95%) was 90 per study group, (total of 180 participants) [18] .
Written informed consent was obtained from all women who fulfilled inclusion and exclusion criteria admitted to the University Obstetrics Unit at the THMG. Inclusion criteria were those not delivered by 40 weeks + 5 days gestation, having uncomplicated pregnancies with a singleton fetus, longitudinal lie and cephalic presentation. Exclusion criteria were pregnancy induced hypertension, gestational diabetes mellitus, multiple pregnancies, planned caesarean section, fetal growth restriction and scarred uteri. By 7.00 am the next morning, (at 40 weeks + 6 days gestation), women were assessed for eligibility (MBS 5) by the first author. Out of 220 women assessed, 180 participants were selected for randomization (Figure 1 ).
Using computer generated random numbers and stratified (primigravidae and multigravidae) blocks randomization, 184 sealed opaque envelopes containing the parallel allocation sequences for the two strata (92 primigravidae and 92 multigravidae) in blocks of four in a 1:1 ratio, were prepared by the second author, and kept securely in the antenatal ward.
An experienced medical officer inserted the intracervical Foley catheter with 60 ml of normal saline in the bulb (Foley group) or supervised the oral administration by nursing staff of two tablets of misoprostol 25 µg (Misogyn, Acme Formulation (P) Limited, Himachi Pradesh, India), at 7.30 am, 11.30 am, 3.30 pm (misoprostol group), according to the predetermined allocation sequence. The first author was blind to this allocation. A 20 minute cardiotocograph (CTG) was carried out before commencement of the misoprostol and repeated if any participant developed labour pains occurring with a frequency of two or more per 10 minutes. As oral misoprostol should ideally be given on an empty stomach for improved bioavailability, the misoprostol was given 30 minutes before breakfast, lunch and evening tea. If labour was established, or pre labour rupture of membranes or any other complications occurred during the 24 hours after the intervention, they were managed according to the guidelines in the unit. The study was carried out during the week, from Monday to Friday. In the Foley group, if the Foley catheter had not fallen off, it was removed by the house officer at 6.30 am the next day. Throughout this period the first author was blind to the management of the patient. All the participants who had not been delivered by the next morning (41 weeks gestation), were examined at 7.00 am by the first author and their MBS was recorded. If the MBS was 7, IOL was carried out with amniotomy and an intra-venous oxytocin infusion, as per the guidelines in the unit. If MBS was <7 after 24 hours of the intervention, the trial code was broken by the second author and cross over therapy was carried out (intra-cervical Foley catheter for misoprostol group and vaginal prostaglandin E2 for Foley group) by an experienced medical officer. The first author continued to be blind to this intervention too.
Age, parity, Body Mass Index (BMI) and the MBS were recorded at recruitment to the study. The number of participants establishing labour within 24 hours, the MBS and the change of MBS after 24 hours of the interventions, and the number of women becoming suitable for IOL with MBS 7 after 24 hours of the interventions, were recorded. The induction delivery interval (IDI) following IOL, the mode of delivery, the reasons for operative delivery, maternal morbidity, hyperstimulation defined as 5 or more contractions per 10 minutes or duration of contraction >120 seconds, uterine rupture, peripartum hysterectomy, need for post-partum blood transfusion or crystalloid transfusion, need for intravenous antibiotics, Vol. 62, No. 2, June 2017
Paper maternal pyrexia of 38°) fetal and neonatal outcome and morbidity (suspicious or pathological CTG according NICE guidelines, meconium-stained liquor, birth weight, 1 minute Apgar scores, admission to the special care bay unit (SCBU) and the reasons for such admission), were also recorded [19] . An Apgar score < 3 was considered as severe birth asphyxia [20] . The data were stored confidentially in a password protected, ongoing computer database by the first author. The randomized allocation sequence was kept confidentially by the second author, the first author was blinded to it, until data were entered in to the database.
Means and 95% confidence intervals were calculated for the continuous variables and t-test was used for comparison of means. The medians and inter quartile ranges were calculated for the parity distributions and the Mann-Whitney U test was used to compare medians. The chi square test was used to compare proportions, the relative risks and their 95% confidence intervals were calculated, and a p value of < 0.05 was considered to be statistically significant. The Statistical Package for Social Sciences (SPSS version 20) was used for data analysis.
Approval was obtained from the Ethical Review Committee, Faculty of Medicine, University of Ruhuna, and the trial was registered in the Sri Lanka Clinical Trials Registry (SLCTR No. 021 / 2014) [21] .
Results
A total of 180 participants (Foley group=89, misoprostol group=91) were recruited for the study and they were all analysed (Figure 1 ). There were no significant differences in the distributions of age, parity, BMI and pre intervention MBS between the two groups ( Table 1) . Greater proportions established labour and delivered vaginally in both primigravidae [30% vs. 9%; RR=4.4, (95% CI 1.3-14.6); p=0.01) and multigravidae [44% vs. 16; RR=4.3, (95% CI 1.6-11.8); p=0.003] before 41 weeks of gestation after misoprostol therapy compared to the insertion of an intra-cervical Foley catheter. No significant differences were seen in the number of emergency caesarean sections (CS) prior to 41 weeks gestation between the two groups. Among the multigravidae, the mean increase of MBS was greater in the misoprostol group (3.1, 95% CI 2.4-4) compared to the Foley group (2.4, 95% CI 1.9-2.7; p=0.04). There was no significant difference in the proportions becoming favourable for IOL between misoprostol and Foley groups in both primigravidae and multigravidae who did not establish labour and deliver vaginally prior to 41 weeks gestation ( Table 2 ). The change in mean MBS however was significantly greater in primigravidae than in multigravidae in the Foley group [3.2, (95% CI 2.6-3.8) vs. 2.3, (95% CI 1.9-2.7); p=0.04).
There were no significant differences between the two groups in the mean IDI, the proportions delivering normally, requiring emergency CS or instrumental vaginal delivery in both primigraviade and multigravidae, following IOL at 41 weeks gestation (Table 3 ). In the primigravidae, two emergency CS were carried out in the misoprostol group due to fetal distress and hyperstimulation. In the Foley group two cases with suspected chorioamnionitis and one case with mild placental abruption had CS. In the multigravidae, two emergency CS were carried out in the misoprostol group due to uterine hyperstimulation, and one CS in the Foley group for suspected chorioamnionitis. All three cases of hyperstimulation occurred after the 3rd dose of oral misoprostol. Although inmultigravidae there were more cases of meconium stained liquor in the misoprostol group compared to the Foley group (6 vs. 2), the difference was not statistically significant. There were no significant differences in maternal or neonatal complications following either interventions in both multigravidae and primigravidae. One primigravida in misoprostol group and one multigravida in Foley group developed postpartum haemorrhage and they were managed medically. One intrapartum death, due to an undetected fetal hypoxia, occurred after IOL in a primigravida in the Foley group. No cases of uterine rupture were seen in the misoprostol group. There were no neonatal deaths in both intervention groups, there were no significant differences in outcomes between primigravidae and multigravidae (Tables 4-5 ). There were no significant differences in maternal, fetal or neonatal complications between both intervention groups in Paper primigravidae and multigravidae. In both primigravidae and multigravidae who needed cross over therapy there were no significant differences between the intervention groups in the mean IDI, the proportions delivering normally, requiring emergency CS or instrumental vaginal delivery.
Discussion
Compared to the Foley group, the proportion of women establishing labour and delivering vaginally within 24 hours in the misoprostol group was markedly greater in primigravidae as well as multigravidae. This indicates that three doses of 50µg oral misoprostol administered four hourly has exceeded expectations and actually resulted in IOL. This confirms that oral misoprostol which acts as a systemic prostaglandin on the cervix as well as the myometrium can be used for pre-induction cervical ripening as well as for IOL. Furthermore, among those not establishing labour and delivering vaginally within the next 24 hours, multigravidae in the misoprostol group had a significantly greater increase in MBS compared to the Foley group after 24 hours. The slightly greater increase of the mean MBS in primigravidae compared to multigravidae in the Foley group is probably due to the slightly lower mean MBS in the primigravidae prior to the intervention. The absence of a statistically significant difference between the proportions becoming favourable for IOL after the two interventions, is therefore of no clinical value. Although there was one intra partum death due to unidentified fetal hypoxia in the Foley group, there were no significant differences in fetal or neonatal complications between the two groups, supporting the concept that oral misoprostol is also safe, although the current study was not powered to confirm this. The three cases of hyperstmulation in the misoprostol group emphasizes the need to adopted appropriate measures to identify hyperstimulation early and minimise its complications, just like with vaginal prostaglandins.
In the earlier study carried out in the unit, the two doses of oral misoprostol 25 µg four hours apart was not as effective as an intra-cervical Foley catheter for 24 hours for pre-induction cervical ripening, most probably because of the low dose [4] . In a recently reported, large multi-center study from the Netherlands, (PROBATT II), wherein the oral misoprostol and the intra-cervical Foley catheter were continued up to four days, there was a greater proportion of women establishing labour after three doses of 50µg misoprostol administered orally four hours apart compared to the insertion of intra cervical Foley catheter for 24 hours (41.8% vs 31.6%; RR=1.33, 95% CI 1.17-1.51; p<0.001). This study has shown the safety of both these interventions over four days [11] . The interventions and outcomes of the current study are similar to the PROBATT II study where no significant differences were noticed in the CS rates, the IDI, and serious maternal or neonatal morbidity, between the groups. The only difference is that the primary outcomes of the current study were assessed after 24 hours while in the PROBATT II, the interventions were continued for four days. Both studies have shown that oral misoprostol is more effective for IOL than the insertion of an intra-cervical Foley catheter for 24 hours. The difference in the proportions establishing labour and delivering vaginally by 24 hours in the misoprostol group was significantly higher than the Foley group (25% in current study vs 9.5% in PROBAT II). This is in spite of a larger volume of fluid (60 ml) being used for the bulb of the Foley in the current study compared to the 30ml used in the PROBAT II. The higher dose of 50µg oral misoprostol administered four hourly in the current study is apparently safe as shown by the PROBATT II study. The longer interval between doses of oral misoprostol, which is different to the WHO recommendations, as well as the titrated dose method, would be easier to be implemented especially in a busy obstetrics unit [2, 10, 14] . 
Paper
The main strengths of the current study was that the first author, who assessed the participants before and after the interventions, was blinded until data entry had been completed and the fact that it contributes evidence to promote the use of oral misoprostol as an effective agent for IOL for a live viable fetus at term in Sri Lanka, although it was designed only to show superiority of oral misoprostol over the insertion of an intra-cervical Foley catheter for pre-induction cervical ripening. There were a few minor limitations in the study. It was stopped after recruiting 180 pregnant mothers on 28th April 2015 because the first author was transferred to another hospital on 1st May 2015. This resulted in a slight inequality of numbers of women in the two groups. Blinding of participants and the other caregivers was not feasible. The women would have had their early morning tea (but not the breakfast) prior to the first dose of oral misoprostol. The study was not conducted on Saturdays and Sundays. However these are unlikely to have affected the results significantly.
Oral misoprostol is relatively cheaper than the other methods of IOL, does not require refrigeration, has a long shelf life at room temperature, and is safe when there is a concern regarding a risk of ascending infection including vertical transmission of infections to the fetus. Therefore it can be used even in centers with limited economic resources. Further research is needed to establish the safest, effective and most convenient dosage regimen.
Conclusions
Compared to the insertion of an intra-cervical Foley catheter for 24 hours, three doses of oral misoprostol 50 micrograms given four hourly was more effective for pre-induction cervical ripening and even resulted in IOL.
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